SUMMARY. Although there is increasing interest in propagating prairie plants native to the midwestern United States for managed and natural landscapes, several species, including new jersey tea (Ceanothus americanus), are difficult to germinate from seeds. New jersey tea, which is an attractive, compact woody shrub, is found in high-quality prairie remnants throughout the tallgrass prairie region. Developing a protocol to increase the uniformity of seed germination in this species would allow for more widespread horticultural cultivation of this stress-resistant, nitrogen-fixing species. We hypothesized that the germination response of seeds of new jersey tea would be enhanced by replicating conditions that mimic their natural environment, which included treatments under controlled conditions exposing seeds to chilling temperatures, sulfuric acid, and boiling water. Two minutes of exposure to boiling water followed by 60 days of cold-moist stratification at 4°C resulted in the highest germination percentage (48%) and mean daily germination (2.18 seeds/day). Scarification with 98% sulfuric acid for 15 min followed by 60 days of cold-moist stratification resulted in significant, but lower levels of germination percentage than seeds exposed to boiling water and cold-moist stratification. Cold-moist stratification in darkness and in an 18-hour photoperiod at 4°C did not stimulate germination to a level suitable for production purposes. However, tetrazolium tests indicated that 79% of the seeds were viable. We conclude that cold-moist stratification should be used with boiling-water or acid-scarification to uniformly produce germinated seedlings of new jersey tea. However, nonresponsive seeds should not be discarded because they may germinate in later years if kept under appropriate conditions.
SUMMARY. Although there is increasing interest in propagating prairie plants native to the midwestern United States for managed and natural landscapes, several species, including new jersey tea (Ceanothus americanus), are difficult to germinate from seeds. New jersey tea, which is an attractive, compact woody shrub, is found in high-quality prairie remnants throughout the tallgrass prairie region. Developing a protocol to increase the uniformity of seed germination in this species would allow for more widespread horticultural cultivation of this stress-resistant, nitrogen-fixing species. We hypothesized that the germination response of seeds of new jersey tea would be enhanced by replicating conditions that mimic their natural environment, which included treatments under controlled conditions exposing seeds to chilling temperatures, sulfuric acid, and boiling water. Two minutes of exposure to boiling water followed by 60 days of cold-moist stratification at 4°C resulted in the highest germination percentage (48%) and mean daily germination (2.18 seeds/day). Scarification with 98% sulfuric acid for 15 min followed by 60 days of cold-moist stratification resulted in significant, but lower levels of germination percentage than seeds exposed to boiling water and cold-moist stratification. Cold-moist stratification in darkness and in an 18-hour photoperiod at 4°C did not stimulate germination to a level suitable for production purposes. However, tetrazolium tests indicated that 79% of the seeds were viable. We conclude that cold-moist stratification should be used with boiling-water or acid-scarification to uniformly produce germinated seedlings of new jersey tea. However, nonresponsive seeds should not be discarded because they may germinate in later years if kept under appropriate conditions. P ublic interest has increased in recent years in propagating prairie plant species native to the midwestern United States (Hitchmough et al., 2005) . However, most assemblages of prairie species in managed landscapes and restored prairies generally are comprised of species that germinate and establish easily such as big bluestem (Andropogon gerardii), indian grass (Sorghastrum nutans), canada wild rye (Elymus canadensis), purple coneflower (Echinacea purpurea), grey-headed coneflower (Ratibida pinnata), blackeyed susan (Rudbeckia hirta), and wild bergamot (Monarda fistulosa) (Diboll, 2005; Nuzzo, 1978) . These species represent only a fraction of the species currently found in high-quality prairie remnants in the midwestern United States (Polley et al., 2005) . Difficulty in satisfying complex dormancy mechanisms in these species, including new jersey tea, which is an attractive, compact, nitrogen-fixing, woody shrub species, remains an ongoing limitation in enabling uniform propagation for nursery-level production.
Once widely distributed throughout the tallgrass prairie region of the midwestern United States, new jersey tea populated dry to mesic prairies and open woods (Swink and Wilhelm, 1994) . In addition to attractive perfect white flowers borne in panicles (Dirr, 1998) , plants exhibit lustrous green foliage. Combined with difficulty in collecting seeds due to the forceful ejection of ripe seeds from capsules when fully ripe (McMillan Browse, 1994) , sexual propagation of new jersey tea is notably challenging. Seeds of new jersey tea have hard, waterimpervious seedcoats similar to other members of Rhamnaceae (Frett, 1989; Keogh and Bannister, 1994) , which appear to impose a form of physical dormancy. Also, ecosystems in which several congeners of new jersey tea are native, are dependent on fire for renewal and regeneration (Keeley, 1991; McMillan Browse, 1994) , which is reflected in the observation that seed germination of several ceanothus (Ceanothus spp.) is enhanced by being subjected to dry heat (McMillan Browse, 1994) , which may increase the permeability of the seedcoat to water imbibition to allow for subsequent germination.
Satisfying physiological dormancy requirements may also be a factor in successful propagating new jersey tea via seeds. McMillan Browse (1994) observed that seeds of several ceanothus species required up to 60 d or longer of chilling at 5°C to germinate. However, seeds of some species of ceanothus only have physical dormancy and thus only require scarification to germinate (Quick, 1935; Quick and Quick, 1961) . Keeley (1991) did not consider seeds of ceanothus species to be sensitive to light for induction of germination.
We hypothesized the germination response of new jersey tea seeds would be enhanced if placed under conditions that mimicked their natural environment. Our objective was to determine the germination percentage and rate of daily germination of seeds randomly subjected to cold stratification with and without light, boiling water, and acid scarification.
Materials and methods
Seeds for this experiment, which had been harvested when fully ripe in Sept. 2007, were purchased on 17 Oct. 2007 from Prairie Moon Nursery in Winona, MN. Seeds were stored in dry conditions at 4°C until the initiation of the experiment.
The experiment was set up in a completely randomized design with five treatments and five replicates per treatment. Each experimental unit consisted of 50 seeds placed between two pieces of 90-mm-diameter filter paper within a 100 · 15-mm plastic petri dish. The first treatment was a control where experimental units were placed in a dark growth chamber at 25°C for 60 d. The second treatment was a coldmoist stratification treatment where experimental units were placed in a dark growth chamber at 4°C for 60 d. The third treatment was a cold-moist stratification treatment where the experimental units were placed in a growth chamber with an 18-h daily photoperiod at 4°C for 60 d. In the fourth treatment, seeds were exposed to 98% sulfuric acid (H 2 SO 4 ) for 15 min and were then placed in a dark growth chamber at 4°C for 60 d. In the fifth treatment, seeds were boiled at 90°C for 2 min, rinsed immediately in an icewater bath, and inserted into a dark growth chamber at 4°C for 60 d. Before treatment initiation on 21 Dec. 2007, each experimental unit received 2.0 mL of distilled water. Petri dishes were checked periodically and water was added as needed. Tetrazolium tests (Peters, 2000) were performed on 10 Jan. 2008 on two replications of 100 seeds each to get an estimate of their viability. The period for each treatment ended on 18 Feb. 2008. Experimental units from each treatment were subsequently moved into a 25°C dark growth chamber with those in the control treatment. Experimental units were then checked daily for germination for 20 d. Germination was defined as the emergence of a radicle that could be viewed without magnification.
DATA ANALYSIS. The effects of each treatment were analyzed by using the generalized linear model procedure of SAS/STAT (v. 9.2, SAS Institute, Cary, NC), which is a statistical procedure commonly used to analyze categorical data (Littell et al., 2002) . Parameters were estimated by using the option for negative binomial distribution and using the log link function. Mean estimates of germination percentage and mean daily germination were obtained by the least squares means option. Multiple comparisons were used post hoc to determine which treatments were significantly different.
Results
Tetrazolium tests indicated that 79% of the seeds were viable. Seeds of new jersey tea treated with boiling water germinated at the greatest percentage and rate among all treatments (Table 1) . Although seeds in the acidscarification treatment germinated 25% less and had nearly half the daily rate of germination than of those in the boiling-water treatment, their response was higher than of those in the coldstratification and control treatments (Table 1) . While the cold-stratification treatment with a photoperiod elicited a greater germination percentage and mean daily germination than the control treatment, there were no differences between the cold stratification treatment in darkness and the control treatment (Table 1) .
Discussion
Sixty days of cold-moist stratification under dark conditions combined with 2-min exposure to 90°C boiling water enhanced germination of seeds of new jersey tea, which resulted in 48% more germination than seeds in the zero-response control treatment (Table 1) . It is assumed exposure to heat creates fissures in the otherwise impervious seedcoat, allowing water to penetrate (McMillan Browse, 1994) . McMillan Browse (1994) reported satisfactory levels of seed germination in several ceanothus species exposed to hot water. Keeley (1987) indicated that direct exposure of seeds of ceanothus species in the California chaparral to fire did not result in appreciable levels of germination. However, radiative heat transfer through the soil into the seed bank of ceanothus species under natural conditions appears to be required to stimulate germination (Keeley, 1987) . Although short exposure to H 2 SO 4 elicited a significant level of seed germination (Table 1) , it may be considered beneficial for a grower that boiling water, which is simpler and safer, induces higher levels of germination.
If a subsample of untreated new jersey tea seeds had 79% viability, why did only 48% of the seeds germinate in the boiling water treatment? Although seeds often lose viability while under storage conditions (Hartmann et al., 2002) , seeds of several species of ceanothus are known to have considerable longevity (Quick and Quick, 1961) . McMillan Browse (1994) reported that ceanothus seeds stored in dry, cool conditions persisted for 12 to 15 years with little or no deterioration in viability. Moreover, seeds tested for viability in our study were in dry, cool storage for less than 14 d before viability testing, which we assume did not negatively impact seed health. This behavior likely reflects a survival strategy of new jersey tea similar to that of other native prairie species (Johnson and Anderson, 1986 ) and other ceanothus species (Keeley, 1987) where seeds accumulate in a dormant seed bank in fire-prone ecosystems and sporadically germinate over long periods of time when exposed to environmental cues (Telewski and Zeevaart, 2002) such as heat induced by grassland fires. Also, considering the possible longevity of new jersey tea seeds, nongerminating seeds should not be discarded, but should likely be stored under appropriate conditions to allow for germination to occur in later years.
Although cold-moist stratification stimulates seed germination of some species within Rhamnaceae (Keeley, 1991; Stewart and Graves, 2005) , our results indicate that supplemental scarification is required to elicit uniform germination for production purposes. It also appears that while cold-moist stratification alone did not elicit relatively high levels of germination, daily cycles of an 18-h photoperiod plus cold-moist stratification induced levels of germination that were higher PRELIMINARY AND REGIONAL REPORTS than seeds only cold-moist stratified. Cold-moist stratification, whether in darkness or supplemented with light radiation, should be used with boiling water or acid scarification to induce seed germination of new jersey tea for use in managed or natural landscapes. Also, given the relatively low rate of mean daily germination, which is a measure used to determine the uniformity of seed germination, in all treatments (Table 1) , sufficient numbers of seeds should be collected to ensure target seedling numbers are reached. However, it should be considered that seeds may not have been collected at full maturity or cold-stratified long enough to elicit optimal germination response given winters in the midwestern United States are generally longer than 60 d. Further research into improving seed germination of new jersey tea should possibly include longer cold-stratification periods and possibly treatments of scarification not combined with accompanying cold-moist stratification. Given that seeds with hard seedcoats requiring acid scarification to induce germination offer require exposure to acid for 30 min or more (Baskin and Baskin, 2001 ), pretreating new jersey tea seeds to longer periods than 15 min of H 2 SO 4 exposure should be included in future experiments.
